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Air conditioning and supply method for hot-cold water • circulating 
cooled liquid through cooling circuit to provide selective cooling of 
air and water 
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The conditioning and supplying method includes the steps of 
circulating a refrigerant from a compressor through a condenser, 
expansion valve and evaporator, and then back to a compressor. 
Heat is generated by the refrigerant in the condenser. A first fluid is 
heated by the generated heat in the condenser before a cooling effect 
is provided by the refrigerant in the evaporator. 

A second fluid is cooled by the absorbed heat or cooling effect in 
the evaporator. The first fluid heated is circulated by the heating 
step. The second fluid cooled by the cooling step is circulated and a 

heating effect is conducted from the first fluid into one of the air and 

the water, A cooling effect is provided from the second fluid into 

either the air and the water. 

ADVANTAGE - Makes effective use of energy for conditioning air 

without discarding cooling effect when room is to be heated. (8pp 

Dwg.No.1/3) 
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© A method for conditioning air, and supplying hot 
or cold water including the steps of circulating a 
refrigerant from a compressor through a condenser, 
expansion valve and evaporator, and. then back to a 
compressor. The method further includes the steps 
of generating heat or providing a heating effect by 
the refrigerant in the condenser; heating a first fluid 
by the generated heat or heating effect in the con- 
denser; absorbing heat or providing a cooling effect 
by the refrigerant in the evaporator; cooling a second 
fluid by the absorbed heat or cooling effect in the 
evaporator; circulating the first fluid heated by the 
heating step; circulating the second fluid cooled by 
the cooling step; conducting heat or providing a 
heating effect from the first fluid into at least one of 
the air and said water; and absorbing heat or provid- 
ing a cooling effect from the second fluid into at 
least one of the air and said water. With the method 
of this invention, the energies for generating heat 
and for absorbing heat or the heating effect or cool- 
ing .effect provided by the refrigerant through the 
condenser and evaporator, respectively, are efficient- 
ly utilized, and are thus not wasted 
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A METHOD FOR AIR CONDITIONING AND SUPPLYING HOT/COLD WATER 



This invention generally relates to a method for 
air-conditioning or for supplying hot and cold water. 

Heat pumps are used for air conditioning. The 
conventional heat pumps are designed to conduct 
the heat while a refrigerant is circulated from a 
compressor through a condenser, expansion valve 
and evaporator, and then back to the compressor. 
In the conventiona! heat pumps, since the refriger- 
ant generates or irradiates heat or creates a heat- 
ing effect in the condenser, and absorbs heat or 
creates a cooling effect in the evaporator, when air 
is to be heated, the heat generated in the con- 
denser is used, and when the air is to be cooled, 
the cooling effect created in the evaporator is used. 
Thus, the refrigerant in the conventional heat 
pumps is required to change flow passages de- 
pending on whether the air is to be heated or 
cooled. For this reason, the conventional heat 
pumps have been provided with a four-way valve 
and a reservoir for the refrigerant. 

A heating method using conventional heat 
pumps is explained hereinbelow with reference to 
Fig. 2. 

Fig. 2 shows flow passages of the refrigerant 
when the air is to be heated. In Fig. 2, the refriger- 
ant, which has been compressed by the compres- 
sor and has a high temperature, is passed through 
a four-way valve, transferred to a condenser in- 
stalled in a room, then passed through an expan- 
sion valve so as to lower the pressure of the 
refrigerant. Then, the refrigerant is passed through 
a reservoir, directed into an evaporator, then re- 
turned to the compressor, and is consequently 
circulated as stated above. While the refrigerant is 
being circulated, the heat generated by the refrig- 
erant in the condenser can be used for heating the 
air, and the resulting hot air is used for heating the 
room. In this case, the evaporator is usually in- 
stalled outside of the room and the cold generated 
in the evaporator is absorbed by the open air, and 
the resulting cold air is discarded. 

On the other hand, the cooling of the air with 
the use of conventional heat pumps is carried out 
by flowing the refrigerant in the manner hereinafter 
described. 

Fig. 3 shows flow passages of the refrigerant in 
the conventional cooling method. In Fig. 3, the 
refrigerant, which is compressed by the compres- 
sor and has a high pressure, is passed through a 
four-way valve, transferred to a condenser installed 
outside the room, passed through an expansion 
valve to have a low pressure, passed through a 
reservoir, and into an evaporator installed in the 
room, then returned back to the compressor, and 
consequently, circulated as discussed above. Since 



the refrigerant, while being circulated, absorbs the 
heat so as to generate the cold in the evaporator, 
the cold is then used for cooling the air, and the 
resulting cold air is supplied for cooling the room. 

5 In this case, the heat generated in the condenser 
installed outside the room is absorbed by the open 
air and the resultant hot air is discarded. 

As discussed above, in the conventional meth- 
od for conditioning the air, heat is discarded when 

w the room is to be heated, and the cold is discarded 
when the room is to be cooled. This conventional 
method is quite uneconomical when viewed in 
terms of the effective use of the heat energy. When 
a room is to be cooled, the purpose in cooling the 

is room can indeed be attained if only the cooling 
effect is used. However, when a user's environment 
is considered in its entirety, generated heat is 
always used for bathing, while the heat is dis- 
carded when the cooling of the room is required;- 

20 thus, making the conventional device uneconom- 
ical. 

Accordingly, it is an object of this invention to 
make effective use of the energy for conditioning 
the air without discarding the cooling effect when a 

25 room is to be heated, and without discarding the 
heat when a room is to be cooled. 

The aforementioned and other objects of this 
invention are accomplished by simultaneously us- 
ing the energy for irradiating heat or heating effect, 

30 and energy for absorbing heat or cooling effect by 
circulating a hot medium and a cold medium sepa- 
rate from the circulation of the refrigerant so that 
the heating effect and cooling effect need not be 
discarded as in the conventional air conditioning 

35 method. The aforementioned and other objects of 
this invention can further be' accomplished by heat- 
ing the air or water and cooling the air or water by 
• heat-exchange from the hot medium and cold me- 
dium, respectively, and supplying the resultant air 

40 or water to the room. In other words, if air and 
water are heated and cooled through the hot me- 
dium and the cotd medium by the refrigerant and 
the resultant air and water are supplied, then var- 
ious advantages can be obtained such as that 

45 effective use can be made of both the heating 
effect or cooling effect, whereby the imbalance can 
be readily adjusted when a substantial amount of 
either the heating effect or cooling effect is re- 
quired. 

so Furthermore, in order to ensure that the supply 
of the heated or cooled air or water is effectively 
supplied in the above-described method, liquids 
can be employed for both the hot medium and the 
cold medium. Moreover, in order to supply the 
heated or cooled air or water in a stable and steady 
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state, a hot tank for the hot liquid and a cold tank 
for the cold liquid are required so as to be able to 
store some amount .of each liquid in the respective 
tanks. 

According to one embodiment of the present 
invention, there is provided a method for air con- 
ditioning or supplying hot and cold water, wherein 
a refrigerant is circulated from a compressor back 
to the compressor through a condenser, expansion 
valve and evaporator. Fluid is heated by the heat 
generated by the refrigerant in the condenser, and 
another fluid is cooled by the cold generated by 
the refrigerant in the evaporator. In the just de- 
scribed method, liquid is used as the medium, 
whereby a portion of the liquid is heated in the 
condenser and circulated as a hot liquid; another 
portion of the liquid is cooled in the evaporator and 
circulated as a cold liquid, and both the hot liquid 
and the cold liquid, while being circulated, conduct 
the heat and the cold to the air or water to form hot 
and cold air or water, respectively. According to 
another embodiment of the present invention, there 
is provided a method for conditioning the air or 
supplying hot and cold water, wherein a refrigerant 
is circulated from a compressor back to the com- 
pressor through a condenser, expansion valve and 
evaporator. A portion of the liquid is heated by the 
heat generated by the refrigerant in the condenser, 
and another portion of the -liquid is cooled by the 
cold generated by the refrigerant in the evaporator. 
The just-described method makes use of liquid as 
the medium, whereby a portion of the liquid is 
heated in the condenser and circulated as a hot 
liquid, a substantial portion of which is stored in a 
hot tank. Another portion of the liquid is cooled in 
the evaporator and circulated as a cold liquid, a 
substantial portion of which is stored in a cold tank, 
and wherein both the hot liquid and the cold liquid, 
while being circulated, conduct the heat and cold to 
the air or water to form hot and cold air or water, 
respectively. 

These and other features of the invention will 
be understood upon reading of the following de- 
scription along with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a schematic view of an embodi- 
ment of this invention for conditioning the air 
and supplying hot and cold water; and 
Figs. 2 and 3 are schematic views of ap- 
paratuses embodying the conventional methods 
for conditioning the air. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



In Fig. 1, a refrigerant is compressed by a 



compressor 1 to advance through a passage A. 
While being advanced, the refrigerant is passed 
through ? condenser 2, an expansion valve 3. an 
evaporate r 4, in this order, and then returned back 
5 to the compressor 1; and thus, the refrigerant is 
circulated. The compressor 1 , condenser 2, expan- 
sion valve 3, evaporator 4 and passage A connect- 
ing them are the same as those used in the con- 
ventional heat pumps. However, the passage A 
w shown in Fig.1 is different from the conventional 
corresponding passages in that the passages ac- 
cording to this invention is provided with neither a 
four-way valve for converting flow of the refrigerant 
nor a reservoir for storing the refrigerant, and the 
75 refrigerant always flows in the same direction. 

The method according to this invention, as 
shown in Fig. 1 . is further different from the conven- 
tional methods in that the condenser 2 is provided 
with a passage B; the evaporator 4 is provided with 
20 a passage C; hot liquid is circulated in the passage 
B;.and cold liquid is circulated in the passage C. 
. Furthermore, the method illustrated in Fig.1 is. dif- 
ferent from the conventional methods in that the 
passage B is provided with a hot tank 5 and a heat- 
25 exchanger 6 for heating the air or water; and the 
passage C is also provided with a cold tank 7 and 
a heat-exchanger 8 for cooling the air or water. 
Moreover, the method as shown in Fig.1 is different 
from the conventional methods in that the heat- 
so exchangers 6 and 8 are provided with passages D 
and E. respectively, both for passing the air 67 
water. The air or water flowing out from the exit 
portion of the passages D and E is supplied for 
heating or cooling a room of for use as hot or cold 
35 water. 

The hot liquid running through the passage B 
is heated by the heat generated by the refrigerant 
in thecondenser 2. and is at a high temperature. 
The hot liquid having the high temperature is 

40 moved by a pump P, enters a hot tank 5, then is 
passed through the heat-exchanger 6, returned to 
the condenser 2, and is thus circulated in the 
passage B. The hot tank 5 stores therein a large 
amount of the hot liquid, and serves to. lessen a 

45 rapid and substantial temperature change of the 
hot liquid. 

The heat-exchanger 6 is provided with the pas- 
sage D for passing the air or water, wherein heat- 
exchange is carried out between the hot liquid and 

50 the air or water. As a result, the air or water, while 
being run through the passage D, is heated to form 
hot air or hot water. Thus, the hot air or hot water 
can be obtained at the exit portion of the passage 
D. The hot air is supplied for heating a room, and 

55 the hot water is supplied for using the hot water or 
for heating other articles. 

On the other hand, the cold liquid in the pas- 
sage C is run by a circulating pump P, and is 
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directed into evaporator 4, wherein the cold liquid 
is cooled by heat-exchange with the refrigerant and 
is at a low temperature. Thn cold liquid having the 
low temperature enters the heat-exchanger 8, then 
passes through a cold tank 7, and is returned to 
the evaporator 4, and thus, circulated in the pas- 
sage C. The cold tank 7 acts as a reservoir for 
storinglhe cold liquid, and serves to reduce a rapid 
and substantial temperature change of the cold 
liquid. 

The heat-exchanger 8 is provided with the pas- 
sage E for passing the air or water, wherein heat- 
exchange is carried out between the cold liquid 
and the air or water. As a result, the air or water, 
while being passed through the passage E, is cool- 
ed to form cold air or water. Thus, the cold air or 
water can be obtained at the exit portion of the 
passage E. The cold air is supplied for cooling a 
room, and" the cold water is supplied for consump- 
tion or for cooling articles. 

In this invention, one type of refrigerant may be 
used, but a mixture of two kinds of refrigerants 
having different boiling points may also be used. 
When a mixture of refrigerants is used, a tempera- 
ture difference between the hot liquid and cold 
liquid can be increased. 

The same liquid may be used for the hot liquid 
and for the cold liquid, but different liquids may be 
used. The water and aqueous solutions are pre- 
ferred among the liquids. The aqueous solutions 
may, for example, be brine. 

Example No. 1 

An example is stated hereinbelow with refer- 
ence to Fig. 1. wherein use is made of "FREON 
R22" (CHCIF2, monochlorodifluoromethane) as the 
refrigerant for use during summer, and it is in- 
tended to provide the cold water at about 6*C at 
the rate of 120.000Kcal/hr, and provide the riot 
water at about 58* C at the rate of 1 80.000 Kcal/hr, 

A compressor of 22.5KW/hr is used for the 
compressor 1 from which "FREON R22" is passed 
through having a pressure of 25Kg/cm 2 and a tem- 
perature of 62 * C towards the condenser 2. wherein 
"FREON R22" generates the heat of 
180,000Kcal/hr, and is further directed towards the 
expansion valve 3. After leaving the expansion 
valve 3, the "FREON R22" enters the evaporator 4, 
wherein "FREON R22" is evaporated to absorb the 
heat of 1 20,000Kcal/hr from the outside and thus, 
an amount of cold of 1 20, 000 Kcal/hr. is generated. 
As a result, "FREON R22" having a pressure of 
4.5Kg/cm 2 , and a temperature of -3*C is returned 
to the compressor 1. Thus, "FREON R22" is cir- 
culated in' the passage A having the pressures and 
temperatures, as discussed above. The passage A 
is formed with a pipe having a diameter of 7.5cm. 



Water is used for the hot liquid and circulated 
in the passage B. The passage B is formed with a 
pipe having diameter of 7.5cm. Hot liquid is heated 
by heat-exchange with "FREON R22" in the con- 

5 denser 2. When entered into the condenser 2. 
"FREON R22" has a pressure of 25kg/cm 2 and a 
temperature of 62* C, and the hot liquid may be 
heated up to a temperature slightly tower than 62 
*C, for example, up to 58* C. Thus, the hot liquid 

jo might be set to a temperature between 58 C and 
55* C. 

The compressor 1 is operated in such a man- 
ner that it commences working and causes 
"FREON R22" to run into the condenser 2 in order 

15 to elevate the temperature of the hot liquid when 
the temperature of the hot liquid is lowered below 
55 *C, and the compressor 1 stops working and 
does not cause "FREON R22" to run into the 
condenser 2 when the temperature of the hot liquid 

20 reaches an elevation of above 58* C. 

On the other hand, water is used for the cold 
liquid and is circulated in the passage C. The 
passage C is formed with a pipe having a diameter 
of 7.5cm.~The cold liquid running in the passage C 

25 is cooled in the evaporator 4 by heat-exchange 
with "FREON R22". Since "FREON R22" has a 
pressure of 4.5kg/cm 2 and a temperature of -3 C 
when exiting from the evaporator 4, the cold liquid 
is cooled until it reaches a temperature of a little 

30 higher than -3* C (e.g., 2*C). Thus, the cold liquid 
can be set to have a temperature of between 5 C 
and 8* C. 

The compressor 1 is operated in such a man- 
ner that it commences working and causes 

35 "FREON R22" to run into the evaporator 4 in order 
to cool the cold liquid when the temperature of the 
cold liquid is elevated above 8'C, and the com- 
pressor 1 stops working and does not flow 
"FREON R22" into the evaporator 4 when the 

40 temperature of the cold liquid is lowered below 
5'C. 

"FREON R22" generates heat of 
180,000Kcal/hr in the condenser 2. Thus, the con- 
denser 2 is made so as to have a heat-conduction 

45 surface sufficient to conduct this amount of heat. 
The hot liquid heated in the condenser 2 is cir- 
culated in the passage B by a circulating pump P 
of 1 .5KW. The hot tank 5 has a capacity of about 
18 tons and stores about 15 tons of hot liquid. The 

so passage B is provided with a heat-exchanger 6 for 
,the hot liquid. The heat-exchanger 6 has a heat- 
conduction surface sufficient for 180,OOOKcal/hr, 
and conducts heat from the hot liquid flowing in the 
passage B to the air or water flowing in the pas- 
" 55 sage D. The air is directed into the passage D by a 
circulating pump P of 2.2KW/hr, and supplied as 
hot water having alemperature between 55 *C and 
58* C. 
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* "FREON R22" absorbs heat or has a cooling 
effect in the amount of 1 20.000 Kcal/hr. The evap- 
orator 4 is made so as to have a heat-conduction 
surface sufficient to heat this amount of cooling 
effect. The cold liquid cooled in the evaporator 4 is 5 
circulated in the passage C by a circulating pump 
P of 0.75KW, The cold tank 7 has a capacity of 
about 3 tons, and stores about 3 tons of cold liquid. 
The passage C is provided with a heat-exchanger 8 
for cooling the air or water. The heat-exchanger to 
has a heat-conduction surface sufficient for 
l20,000Kcal/hr, and conducts the cooling effect 
from the cold liquid flowing in the passage C to the 
air or water flowing in the passage E; thus7the air 
or water is cooled. The water flowing in the pas- rs 
sage E is circulated by a circulating pump P of 
0.75KW/hr. and circulated as a cold water having a 
temperature between 7*C and 10* C. Along the 
way of this circulation is an air handling unit, 
wherein the air is cooled by the cold water to form 20 
cold air of about 18* C which is supplied for cool- 
ing a room. 

According to the present invention, since liquid 
is used for conducting heat and cold, and the liquid 
is circulated separately as the hot liquid and the 25 
cold liquid, it is not necessary to provide a four- 
way valve and reservoir for the refrigerant because 
no change in the flow for the refrigerant is required 
which is different from that of the conventional 
method wherein the heating and cooling effects are 30 
directly conducted into the air. Moreover, since 
liquid is used, hot liquid and cold liquid are sepa- 
rately formed, and a great deal of the heat and the 
cold can be stored in the liquid, and also, frequent 
starting and stopping of the compressor 1 can be 35 
avoided; consequently, heating and cooling can be 
efficiently carried out. and a substantial amount of 
the heating and cooling effects can be taken out. 
Moreover, while the hot liquid and the cold liquid 
are separately circulated, the heating and cooling 40 
effects contained in the liquids are conducted to 
the air or water so as. to form hot and cold air or 
hot and cold water, respectively, for use; hence, 
the air and water are indirectly heated and cooled 
through the hot liquid and cold liquid, respectively. 45 
Therefore, the air or water having less temperature 
change can be supplied in a stable state. Further- 
more, since the hot liquid and cold liquid are sepa- 
rately circulated, a substantial amount of the heat 
and the cold can be conducted, and the coefficient 50 
of performance is substantially increased. Thus, 
according to this invention, effective use of the heat 
and the cold can be achieved. 

Additionally, since the hot liquid is stored in the 
hot tank, even in the case where the heat gen- 55 
erated by the refrigerant in the condenser is ab- 
ruptly decreased, and in the case where a great 
deal of the heat is abruptly required by the air or 



water in the heat-exchanger for the hot liquid, the 
hot liquid exhibits less of a temperature change, 
and accordingly, the hot air or water can be sup- 
plied in a more stable state. Likewise, since the 
cold liquid is stored in the cold tank, even in the 
case where the cold generated by the refrigerant in 
the evaporator is abruptly decreased, and in the 
case where a substantial amount of cooling effect 
is abruptly required by the air or water in the heat- 
exchanger for the cold liquid, the cold liquid exhib- 
its less of a temperature change, and accordingly, 
the cofd air or water can be supplied in a more 
stable state. 

While the invention has been , particularly 
shown and described in reference to preferred em- 
bodiments thereof, it will be understood by those 
skilled in the art that changes in form and details 
may be made there in without departing from the 
spirit and scope of the invention. 

Claims 

1. A method of providing air-conditioning and sup- 
ply of hot or cold water characterised by the steps 
of: 

circulating a refrigerant from a compressor (1) 
through a condenser (2), expansion valve (3) and 
evaporator (4), and then back to a compressor (1); 
and selectively heating the air and/or water using 
heat from the condenser (2) and selectively cooling 
the air and/or water by heat exchange with the 
evaporator (4). 

2. A method according to claim 1 further compris- 
ing heating a first liquid by heat generated in said 
condenser (2); 

cooling a second liquid by heat absorbed in said 
evaporator (4); 

circulating the heated first liquid through a heating 
circuit (B) to provide said selective heating of at 
least one of the air and water; 
circulating the cooled second liquid through a cool- 
ing circuit (C) to provide said selective cooling of at 
least one of the air and water. 

3. A method according to claim 2 further compris- 
ing the steps of: 

storing at least a substantia! portion of the heated 
first liquid in a hot tank (5) and storing at least a 
substantial portion of the cooled second liquid in a 
cold tank (7). 

4. Apparatus for providing air-conditioning and a 
supply of hot water comprising: 

a refrigerant circuit (A) comprising a compressor 
(1), a condenser (2), expansion valve (3) and evap- 
orator (4); a first heat exchange means (6) for 
exchanging heat between water and the condenser 
{2) to heat the water; and 

a second heat exchange means {8) for exchanging 
heat between the air and the evaporator (4) to cool 
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the air. 

5. Apparatus according to claim 4 wherein said first 
heat exchange means (6) comprises a first liquid 
circulated around a heating circuit (C) to come into 
thermal contact with the condenser (2) and 
the second heat exchange means (8) comprises a 
second liquid circulated around a cooling circuit (C) 
to come into thermal contact with said evaporator 
(4). 

6. Apparatus according to claim 5 further compris- 
ing a hot tank (5) for storing heated first liquid and 
a cold tank (7) for storing cooled second liquid. 

7. Apparatus according to claim 5 or 6 comprising 
means (8) passing water into thermal contact with 
the second liquid to provide a supply of cooled 
water. 
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